The recent completion of the Caenorhabditis elegans genome has revealed that this nematode worm has 10 members of the ETS gene family. Isolation and analysis of C. elegans mutants and subsequent screens to identify interacting genes can proceed very quickly in this model organism. Molecular genetic analysis of the receptor tyrosine kinase-Ras-MAP kinase signaling pathway in C. elegans identi®ed the ETS family transcription factor Lin-1 as a nuclear eector of this evolutionarily conserved signal transduction pathway. Here we review classical genetic approaches used to discover the role of Lin-1 in the Ras-MAP kinase signaling pathway and describe new technologies that can be applied to the analyses of signaling pathways and transcription factor regulatory networks in C. elegans. Oncogene (2000) 19, 6400 ± 6408.
Introduction
The ETS transcription factors comprise a large evolutionarily conserved gene family characterized by sequence homology within the DNA binding ETS domain. Multiple ETS genes are present in all of the metazoan genomes analysed to date (Laudet et al., 1999) . The unique structure of the 85 amino acid ETS domain has been described as a winged helix ± turn ± helix (Donaldson et al., 1994) . The DNA binding speci®city of ETS genes is also conserved, with all members recognizing a core enhancer sequence (GGAA/T) with an anity in¯uenced by additional anking nucleotides (Woods et al., 1992) . In many cases, ETS proteins act co-operatively with other transcription factors such as AP-1 (Wu et al., 1994; Logan et al., 1996) and ternary complex factors such as SRF (Janknecht and Nordheim, 1992) to transactivate speci®c target genes. Alternatively, ETS genes such as ERF (Sgouras et al., 1995) and TEL (Chakrabarti and Nucifora, 1999) can act as transcriptional repressors. Additional levels of complexity are added to the ETS regulatory network by heterodimerization (Kwiatkowski et al., 1998) and/or phosphorylation (Koizumi et al., 1990; Rabault and Ghysdael, 1994) and dierential patterns of temporal and spatial expression pro®les (Tymms and Kola, 1994; Maroulakou et al., 1994) .
Most of the known molecular mechanisms of ETS gene function have been determined in biochemical and cell culture systems. Studies investigating the biological activity of individual members of the ETS gene family in vivo have utilized transgenic and gene targeting strategies in mice (reviewed in this issue) and classical genetics approaches in Drosophila melanogaster (also reviewed in this issue). However, mouse genetics is costly and time-consuming, making it dicult to screen for and identify genetic interactions in this system. The convergence of classical genetics and functional genomics that has become evident in the C. elegans model organism may provide an opportunity to study the complex molecular interactions of ETS proteins in vivo.
Why C. elegans?
C. elegans as model organism
The nematode worm Caenorhabditis elegans was initially chosen as a model organism by Sydney Brenner because of its short life cycle, small genome and ease of handling. Genetic analysis can proceed rapidly in C. elegans due to the short, 3 day life cycle and presence of sexually dimorphic hermaphrodite and male individuals, allowing rapid cloning or mating of mutant strains. In particular, the study of development and cell lineage has been facilitated in C. elegans by the invariance of cell number and cell fate in individual animals and their transparency under light microscopy. Most of the major tissue types present in higher organisms are found in C. elegans, including muscle, neural, intestinal, germline, and epidermal structures. The complete cell lineage incorporating the chronology of each cell division from fertilised zygote to the 959 somatic cells that comprise the adult hermaphrodite is well documented (Sulston et al. in Wood, 1988) . In addition, the connections between each of the 302 neurons that comprise the C. elegans nervous system has been mapped to create a de®nitive wiring diagram. C. elegans has ful®lled its potential in classical or forward genetic screens, resulting in a repertoire of approximately 3000 mutant strains incorporating diverse phenotypes including morphological, behavioral, lethal, maternal eect, life span, chemo-and mechanosensation, neuromuscular and cell lineage defects.
Fortunately, C. elegans can be maintained inde®-nitely as frozen stocks which recover rapidly upon thawing. Most mutant strains and other lines invaluable for genetic analysis are held at the Caenorhabditis Genetics Center (CGC) at the University of Minnesota (Table 1) . Finally, the nematode C. elegans is the ®rst multicellular organism to be completely sequenced and the annotated sequence data has been integrated with the genetic map and made accessible via the world wide web (Table 1) .
Vulval development is induced by EGF ± Ras ± MAP kinase signal transduction
Formation of the vulva in C. elegans has become an important paradigm in understanding the molecular mechanisms of receptor tyrosine kinase (RTK) ± Ras ± MAP kinase signal transduction. The hermaphrodite vulva is necessary for mating and egg laying and arises during the fourth and ®nal larval stage of development from a specialization of six ventral hypodermal cells along the anterior-posterior axis. Six vulval precursor (VP) cells, which are equivalent in developmental potential, receive an inductive signal originating from the gonad anchor cell. The precursor cell proximal to the anchor cell then assumes the primary vulval cell fate, forming the inner vulval cells, while the two adjacent VP cells receive an additional inductive signal from the primary vulval cell and adopt the secondary cell fate, becoming outer vulval cells. Together, the 22 descendants of these three precursor cells form the vulva. The remaining VP cells adopt a tertiary cell fate and fuse with the surrounding hypodermis.
Genetic analysis of Vul (vulva absent) and Muv (multiple vulva) mutants revealed that RTK ± Ras ± MAP kinase signaling plays a central role in determining vulval cell fate in C. elegans ( Figure 1A ). The growth factor disrupted by the lin-3 mutation is an EGF homolog, which is required for signaling between the gonad anchor cell and vulval precursor cells (Katz et al., 1995) . Let-23 encodes an EGF receptor, expressed in vulval precursor cells (Aroian et al., 1990) . Activation of LET-23 RTK triggers a conserved signaling cascade, the components of which are encoded by the genes sem-5, let-60, lin-45, mek-2, and mpk-1 ( Figure 1A ). Their corresponding mammalian homologs are Grb2, Ras, Raf, MAPKK, MAP kinase respectively ( Figure 1B ) (reviewed in Kornfeld, 1997) . In addition to identifying homologs of vertebrate genes, genetic screens of vulval development have identi®ed additional novel positive and negative regulators of EGFR ± Ras ± MAP kinase signaling in C. elegans (reviewed in Chang and Sternberg, 1999) .
Lin-1 is an effector of Ras ± MAP kinase signal transduction A number of additional genes which act in the Ras signaling pathway have been identi®ed in genetic screens for Muv alleles, including Lin-1 (reviewed in Sternberg and Han, 1998) . lin-1 encodes an ETSrelated transcription factor, homologous to members that fall into the Elk subgroup (Figure 2A ). In lin-1 mutants, the vulval precursor cells express the primary or secondary cell fate, producing a Muv phenotype (Beitel et al., 1995) . In wild-type animals, activation of the LET-23 RTK/MPK-1 signaling pathway in the proximal VP cell is predicted to inactivate LIN-1 function, allowing this cell to express a vulval fate. Therefore, LIN-1 acts as an inhibitor of vulval cell fates. In addition to its role in vulval development, LIN-1 is also involved in the development of the excretory system, the male tail, and the posterior ectoderm (Ferguson and Horvitz, 1985; Han and Sternberg, 1990) , suggesting that LIN-1 may act as a general downstream eector of MAP kinase signaling in C. elegans.
Recently, genetic screens including those designed to identify suppressors of Let-60 Muv phenotypes led to the identi®cation of six new lin-1 gain of function (gf) mutants (Jacobs et al., 1998) . These lin-1 alleles are constitutively active and unresponsive to negative regulation by upstream components of the Ras ± MAP kinase signaling pathway. In each case, the lin-1 gf allele harbors a point mutation within a four amino acid motif, FQFP in the C-terminus of the LIN-1 protein. This motif is present in the homologous mammalian Elk-1, Sap-1a and Net proteins which have also been implicated in Ras ± MAP kinase signaling (Treisman, 1994) . Furthermore, the interaction between ERK Map kinase and the C-terminus of LIN-1 is disrupted in LIN-1 gf mutant proteins (Jacobs et al., 1998) . Thus, sequence homology between members of the ELK subfamily of ETS genes ( Figure 2A ) re¯ects a broader evolutionary conservation of signal transduction pathways and protein ± protein interactions.
Molecular and genetic analysis of the lin-31, Muv mutant revealed one mechanism by which ETS transcription factor networks may be regulated in a tissue speci®c manner. LIN-31 is a forkhead-related winged helix transcription factor, homologous to the mammalian HNF-3. LIN-31 is also a nuclear eector of Ras signaling but unlike lin-1, the lin-31 mutant phenotype is restricted to vulval cells (Miller et al., 1993) . Prior to activation of the Ras ± MAP kinase signaling pathway, LIN-1 and LIN-31 heterodimerize, inhibiting vulval induction. Both LIN-1 and LIN-31 are directly phosphorylated by the C. elegans MAPkinase MPK-1, resulting in disruption of the LIN-1/ LIN-31 complex and derepression of vulval cell fates (Tan et al., 1998) . Thus, LIN-31 is a vulval speci®c eector of MAP-kinase signaling which interacts with and regulates the activity of LIN-1 in vulval induction. This tissue speci®c interaction may represent a conserved mechanism through which other C. elegans (Price et al., 1995) .
ETS genes in C. elegans
Predicted ETS genes in C. elegans With the completion of the sequencing of the C. elegans genome in 1999, it became possible to identify all of the ETS-related genes in this model organism. Sequence comparison using the TBLASTN algorithm to scan the C. elegans genome sequence for homology to known ETS proteins produced 10 unique sequences, including LIN-1 (analysis performed using the Sanger center BLAST server: Table 1 ). Phylogenetic comparison of the ETS domains of human and C. elegans sequences was used to identify C. elegans homologs of speci®c human ETS genes ( Figure 2a) . Six of the C. elegans ETS homologs can be assigned to subgroups where the members of the subgroup are more closely related to each other than they are to other ETS genes regardless of the species of origin. These putative ETS genes have also been identi®ed and named by gene®nder analysis and recorded in the wormbase database (Table 1) . We performed 5' RACE and sequencing of cDNAs to determine the transcript sequence and gene structure of four of the predicted ETS genes: the Fli-1 homologs C42D8.4, T08H4.3 and ESE homologs C33A11.4 and F22A3.1 ( Figure 2B) . Alignment of C. elegans ETS domains with their most closely related human homologs revealed nine absolutely conserved amino acids, six of which fall within the predicted helix ± turn ± helix region (Mavrothalassitis et al., 1994) ( Figure 2C ). Two of the C. elegans, C33A11.4 and F22A3.1 factors are most closely related to human ESE-1 within their ETS domains and contain signi®cant homology to the Pointed domain (Scholz et al., 1993) . However, C33A11.4 and F22A3.1 do not appear to share the PPLT Map kinase recognition motif of the Drosophila protein (Brunner et al., 1994) or other Pointed containing ETS proteins (Yang et al., 1996; Wasylyk et al., 1998) . Interestingly, we found a novel C. elegans ETS homolog, C52B9.2, in which two ETS domains were present. It may be instructive to examine the protein structure and DNA binding speci®city of this unique member of the ETS family. This new gene and three other ETS homologs; F19F10.1, F19F10.5, and C50A2.4 lack closely related homologs in other species and may therefore be involved in nematode-speci®c processes. Alternatively, these novel ETS genes may have homologs in other organisms that are yet to be identi®ed.
Evolution of ETS genes
With the complete genome sequence in hand, new kinds of information regarding the possible function and evolutionary relationships between genes become accessible. The relative linkage, orientation and homology of the predicted C. elegans ETS genes ( Figure 3 ) may provide insights into the evolution and function of the ETS genes themselves, as well as contributing to our understanding of the evolution of the genome as a whole. The presence and distribution of 10 ETS genes in the nematode is indicative of early duplication and dispersal of this family during metazoan evolution. We can identify three pairs of closely related ETS genes in C. elegans: F19F10.5 and F19F10.1, T08H4.3 and C42D8.4, F22A3.1 and C33A11.4, suggestive of at least one recent genomewide duplication. Two of the homologous pairs remain within the same linkage groups, consistent with a genome duplication near or concomitant with the evolutionary divergence of nematodes and their chordate progenitors.
It is interesting to note that two closely related Fli-1 homologs C42D8.4 and T08H4.3, are present in the C. elegans genome. In mammals, there are two highly related members of the Fli-1 subfamily, Fli-1 and Erg. The observation that the C. elegans genome also contains two¯i-1-like genes suggests that duplications of the¯i-1/erg ancestor may have occurred before vertebrates emerged.
ETS genes are present in even the most simple of multicellular organisms, such as the sponge T. aurantia (Degnan et al., 1993) but are absent from single celled organisms such as yeast and protozoa. Thus, it is possible that the ®rst ETS genes were regulators of processes essential to multicellular life such as cellular dierentiation or intracellular signaling.
Fli-1 homologs in C. elegans
The human¯i-1 and erg genes are almost identical within the sequence of their respective ETS domains. They also share a high degree of sequence identity throughout their lengths and together they comprise a well de®ned subgroup of the ETS family (Figure 2A) . Transcriptional activation of¯i-1 by either chromosomal translocation or proviral insertion leads to Ewings sarcoma in humans (Delattre et al., 1992) and erythroleukaemia in mice, respectively (Ben David et al., 1991) . The biological functions of Fli-1 and Erg have been examined in cell culture and mutant mice containing either gain or loss of function mutations. Erg overexpression in NIH3T3 induces proliferation and tumorigenic potential (Hart et al., 1995) . Trans- Multiple sequence alignment of the 85 amino acid ETS domain, generated using Clustal W 1.7 and colored in BOXSHADE. Blue (completely conserved residues), Yellow (similar or identical residues). The Clustal W 1.7, DRAWGRAM and BOXSHADE programs are available online at The Biology Workbench 3.2 (http://workbench.sdsc.edu) genic mice carrying the murine¯i-1 cDNA under the control of the H-2K k promoter develop a severe autoimmune disease culminating in glomerular nephritis (Zhang et al., 1995) . In contrast, mice with targeted mutations of¯i-1 exhibit fatal hemorrhage at embryonic day 11.5 (Spyropoulos et al., 2000) due to defects in endothelial and megakaryocytic development (Hart et al., 2000) . Signi®cantly, the human¯i-1 gene maps to chromosome 11q24 in a region that is deleted in Jacobsen and Paris-Trousseau syndrome (Michaelis et al., 1998) . This syndrome includes defects in megakaryocytic development similar to those seen in¯i-1 mutant mice (Breton-Gorius et al., 1995) .
We have extended the membership of the Fli-1 subgroup to include two new C. elegans genes T08H4.3 and C42D8.4. These genes share a 90% and 93% sequence identity at the amino acid level with human Fli-1 within the ETS domain and signi®cant homology extending into the¯anking sequences. Interestingly, the C. elegans Fli-1 homologs more closely resemble the sea urchin (Qi et al., 1992) and marine worm (LelievreChotteau et al., 1994) proteins which also lack the Pointed domain found in vertebrate, Xenopus (Meyer et al., 1993) , mouse (Ben David et al., 1991) (Watson et al., 1992) , and human Fli-1 homologous genes (Watson et al., 1992; Prasad et al., 1992) . It is tempting to speculate that the Pointed domain of the vertebrate Fli-1 homologs may be required to regulate programs speci®c to vertebrate development such as body patterning, osteogenesis or haematopoiesis.
ELF homologs in C. elegans
There are three ETS homologs in C. elegans that can be further de®ned as members of the ELF subfamily, C24A1.2, F22A3.1 and C33A11.4. Furthermore, this subfamily can be divided into two groups, ELF and ESE (Laudet et al., 1999) . The ELF group is comprised of Drosophila E74 homologs, including human ELF (Leiden et al., 1992) , MEF (Miyazaki et al., 1996) and NERF (Oettgen et al., 1996) and we can now add C24A1.2. The ESE (Epithelial Speci®c ETS) group is a relatively new branch of the ETS family tree, which includes human ESE-1 (ELF-3/ESX/ERT/JEN) (Tymms et al., 1997) , ESE-2 (ELF-5) (Zhou et al., 1998; Oettgen et al., 1999) , ESE-3 , PDEF (PSE) and EHF (ESEJ) (Bochert et al., 1998) . Our comparison of ETS domains (Figure 2c ) places F22A3.1 and C33A11.4 within the ESE group. Furthermore, these two C. elegans genes also encode Pointed domains similar in sequence to the human ESE-1 (Chang et al., 1997) . Members of the ESE group are expressed exclusively in epithelial tissues and ESE-1 has been shown to modulate TGFb signaling by regulating transcription of the TGFbRII in human breast cancer cells (Chang et al., 2000) . Therefore, analysis of the ESE homologs F22A3.1 and C33A11.4 in C. elegans may uncover conserved molecular mechanisms or pathways involved in tumors of epithelial origin, such as breast, colon and prostate cancer.
Genetic toolkit ± reverse genetics
The complete genome sequence and several new reverse genetic approaches have been recently added to the genetic toolkit available to C. elegans researchers (reviewed in Kuwabara, 1997; Hodgkin and Herman, 1998) . For the purposes of this review, we focus on the techniques we have used to begin a comprehensive phenotypic analysis of the C. elegans ETS related genes.
Expression analysis
The complete cellular anatomy and transparency under light microscopy make C. elegans an excellent organism in which to examine patterns of gene expression. Expression analyses can be performed by in situ RNA hybridization, immunolocalization and expression from reporter constructs in transgenic worms. Many surveys of gene expression have been carried out and an eort has been initiated to make these (Wood, 1988) . The arrows represent each gene's orientation on the chromosome accessible online, in a searchable database within Wormbase (Table 1 ) (reviewed in Martinelli et al., 1997) . The development of optimized reporter constructs for Green Fluorescent Protein (GFP) expression in C. elegans has enabled gene expression to be followed in real time in a living organism (Chal®e et al., 1994) . In addition, modi®ed forms, which¯uoresce with dierent colors such as cyan, have recently been used to monitor expression of two genes simultaneously (Miller et al., 1999) . Furthermore, GFP tagging of cell lineages can be combined with classical genetic screens to identify upstream genes which regulate transgene expression levels or to isolate new mutants which eect cell migrations or lineage commitment within the marked cells.
Transgenic worms are created by microinjection of the plasmid construct directly into the hermaphrodite gonadal syncytium (Mello et al., 1991) . The reporter construct may be co-injected with a dominant transformation marker such as rol-6, or unc-22 to permit identi®cation of transformed ospring (Wood, 1988) . The transgenes form large extrachromosomal arrays, which are transmitted at a predictable frequency in each generation. GFP expression is visualized under light microscopy using a UV light source.
We examined the pattern of expression of the Fli-1 homolog C42D8.4 by stably transfecting wildtype C. elegans with a construct containing the predicted promoter linked to a GFP reporter. The reporter gene was expressed throughout development and in the adult in a discrete set of head neurons ( Figure 4A ). We identi®ed the expressing cells as a pair of bilateral sensory neurons, with cell bodies located in the nerve ring and long dendritic processes extending to the anterior. The dendrites terminated in specialized sensory cilia within two bilaterally placed amphids, the sensory organs which form the`nose' of the worm. Interestingly, expression of a forkhead-related transcription factor, UNC-130 has recently been detected in chemosensory amphid neurons (Sara®-Reinach and Sengupta, 2000) . UNC-130 loss of function causes a switch in neural cell fates from an ASG neuron to an ASA neuron in a process analogous to the switch from hypodermal to vulval cell fate reported in lin-1 and lin-31 mutants. Therefore, it is tempting to speculate that C42D8.4 and UNC-130 may be co-operating in controlling cell fate decisions in the ASG/AWA precursor cell.
We also followed the expression of the ESE homologs, F22A3.1 and C33A11.4 by promoter::GFP transgenesis. In adult hermaphrodites, F22A3.1 reporter expression was observed in the inner and outer labial socket cells of the head ( Figure 4B ). F22A3.1 is expressed strongly in the seam cells within the hypodermal ridges, which extend bilaterally along the length of the exterior body wall. During the ®rst larval stage, F22A3.1 also demonstrated expression in P-cells, the ventral hypodermal precursors, some of which form the vulva (not shown). In general, F22A3.1 seems to be quite speci®c to hypodermal tissues and is probably expressed in all hypodermal cells including glial-like cells. The nematode hypodermis shares many structural and functional similarities with the mammalian epidermis. Both form continuous sheets of cells that protect underlying tissues from the external environment. Hypodermal cells are polarized, with apical and basal compartments demarcated by tight adherens junctions and extracellular matrix proteins are secreted at the basal surface, forming a basement membrane (Wood, 1988) . Further investigation of F22A3.1 function in the C. elegans hypodermis may be informative regarding the function of epithelial speci®c homologs of this gene.
Expression of the C33A11.4::GFP reporter was observed in a number of sensory and motor neurons throughout development. In the adult, C33A11.4 was expressed in motor neurons in the ventral nerve cord, Figure 4 ETSpromoter::GFP expression patterns for three worm ETS genes. Each reporter construct was made by fusing the putative promoter region (*3 kb of sequence directly upstream of the ATG start codon) with a promoterless GFP coding region. (A) C42D8.4::GFP was expressed in a pair of head neurons. The cell bodies are located bilaterally in the nerve ring and long processes extend towards the mouth where they terminate in ciliated endings. These are most likely neurons of the inner labial sensilla, involved in chemosensation. (B) F22A3.1::GFP expression is restricted to hypodermal tissues, including the inner and outer labial socket cells of the head. Expression of the reporter GFP is also high in the seam cells, these can be seen extending rearwards bilaterally. (C) C33A11.4::GFP expression is seen here in commissural motor neurons in the ventral nerve cord and in the ventral sub-lateral nerve cord. The anterior lateral mechanosensory (ALM) touch neurons were also positive for C33A11.4 expression. The canal associated neurons (CAN), a pair of bilaterally symmetric neurons which follow the excretory canal, also show C33A11.4::GFP expression which have commissural processes extending to the dorsal cord and motor neurons of the ventral sublateral cord ( Figure 4C ). The anterior lateral mechanosensory (ALM) touch neurons were also positive for C33A11.4 expression. The ALM neuron cell bodies are situated laterally in the midbody and send processes anteriorly to the nerve ring in the head and are involved in transducing touch stimuli. The canal associated neurons (CAN), a pair of bilaterally symmetric neurons which follow the excretory canal, were also positive. The CAN neurons, are born in the head and migrate to the middle of the animal during embryogenesis. Laser ablation of these neurons causes lethality but their precise function has not been determined. A pair of amphid sensory neurons in the head and a pair of phasmid sensory neurons in the tail were also positive for C33A11.4 expression.
Target selected mutagenesis
The success of classical or forward genetics in C. elegans was not immediately followed by the application of gene targeting, reverse genetics methodologies. The use of homologous recombination for introducing mutations into the germline in C. elegans has been hampered by the lack of embryonic stem cell culture and the relatively low eciency of available DNA transformation methods (Plasterk, 1992) . In its place, techniques for target selected mutagenesis have been developed. Once the sequence of the target gene is known, oligonucleotide primers can be designed to detect deletions or insertions by PCR ampli®cation of DNA extracted from mutagenized libraries of frozen worms. Several mutagenic agents have been used, including the Tc1 mariner transposon (Zwaal et al., 1993) and chemical agents such as ethyl methane sulphonate (EMS) (Jansen et al., 1997) , ethylnitrosourea (ENU) (Liu et al., 1999) or more recently UV activated trimethylpsoralen (TMP) (Gengyo-Ando and Mitani, 2000) . Using Tc1 as a mutagen has the disadvantage that transposon insertions seldom result in gene inactivation. It is therefore necessary to create a sublibrary of worms which carry the insertion and then screening the sublibrary for the infrequent Tc1 excision events that also remove part of the¯anking DNA. On the other hand, Tc1 insertions can cause partial loss of function phenotypes which are desirable when analysing essential genes (Benian et al., 1993) .
With the exception of lin-1, none of the existing C. elegans mutants have been mapped to ETS related genes. Therefore, we chose to take a sequence-based, reverse genetic approach to disrupt the function of the other 9 ETS-related genes in C. elegans. We screened a library of mutagenized C. elegans, prepared using a modi®cation of the gene knockout with conventional mutagens protocol ( Table 1 ). The library consisted of approximately 1.7610 6 genomes mutagenized with either formaldehyde, UV-TMP or EMS. PCR primers spanning the ETS domains of each gene were used to identify deletion mutations in the range of 0.5 to 1.5 kb. C. elegans ETS deletion mutants were identi®ed for F22A3.1, C33A11.4, C52D8.2, and F19F10.1. In our initial screen for ETS deletions, we identi®ed mutants in four of the six genes we examined. This may indicate that the libraries of mutagenized worms that we screened were not large enough to include deletions in every gene.
Future directions
Our understanding of the roles of ETS genes in development and neoplasia has evolved signi®cantly in the last few years. The further investigation of conserved signaling pathways in C. elegans might be expected to reveal more of the complex molecular mechanisms that underlie the regulation of ETS proteins.
We have begun mutagenesis to isolate deletions in the nine new C. elegans ETS homologs that we identi®ed`in silico', however, a new epigenetic tool for gene regulation may provide an ecient way of pre-screening these genes for interesting phenotypes. Recently, a number of investigators have reported that the introduction of double stranded RNA (dsRNA) into C. elegans can be used to manipulate gene expression (Fire et al., 1998) . RNA interference (RNAi) as it has become known is the speci®c down regulation of an endogenous gene in the presence of double stranded RNA complementary to any part of the coding sequence of that gene. The precise mechanism by which RNAi suppresses endogenous gene expression is poorly understood but probably involves some form of active uptake of dsRNA and catalytic degradation of the endogenous RNA. The eect of RNAi is highly speci®c and recapitulates the null phenotype of genetic lesions. Furthermore, dsRNA can be introduced into the worm by direct injection, soaking or simply feeding the worms bacteria that have been transformed with a plasmid that expresses the appropriate dsRNA (Tabara et al., 1998) .
One of the advantages of C. elegans as a model organism is the ease with which large numbers of worms can be processed, facilitating large scale proteomics projects which have not yet been feasible in any other animal. Identi®cation of all protein ± protein interactions in C. elegans may soon be a reality. A recent study demonstrated the feasibility and eciency of this by building an interaction matrix among 27 of the proteins known to be involved in vulval development (Walhout et al., 2000) . Considering the possibility that speci®c ETS factors may interact with dierent members of the forkhead-related family as well as other transcription factors, ternary complex factors, and signaling molecules, a comprehensive interaction map would help to identify these regulatory networks.
Proteomics might also be utilised to identify ETS target genes. Protein expression pro®les from worms carrying gain or loss of function mutations in ETS genes could be produced by 2 dimensional (2D) electrophoresis. Dierentially expressed proteins can be excised directly from 2D gels and identi®ed by matrix assisted laser desorption/ionization-time of ight-mass spectrometry (MALDI-TOF-MS) followed by peptide mass ®ngerprinting for protein identi®cation (Kaji et al., 2000) . Alternatively, the complete mRNA expression pro®le of two populations of worms can be compared using DNA microarray technology. The full genome chip in production at the Stuart Kim lab at Stanford (see Table 1 ) has a 1 kb piece of exon rich genomic DNA for every predicted gene in the genome.
C. elegans is also amenable to pharmacogenetic approaches. A recent study described the suppression of Multivulval phenotypes in let-60 (Ras) mutants by Ras farnesyltransferase (FT) inhibitors (Hara and Han, 1995) . This system was proposed as a potential screen for testing the ecacy of FT inhibitors against ras activated tumors. Taking this strategy one step further, compounds that act on cellular targets downstream of Ras, might also be identi®ed by screening bioactive compounds for their ability to inhibit vulval formation. Thus, speci®c inhibitors of LIN-1 function may be identi®ed.
Finally, bioinformatics has been applied successfully to worm genetics and many of the lessons learned from the sequencing, manipulation, storage and presentation of the C. elegans genome will be used to further C. elegans research and inform other genome projects.
